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Supersymmetric AdS4 , AdS2×Σ2 and asymptotically AdS4 black hole solutions are studied in the
context of non-minimal N = 2 supergravity models involving three vector multiplets (STU-model)
and Abelian gaugings of the universal hypermultiplet moduli space. Such models correspond to
consistent subsectors of the SO(p, q) and ISO(p, q) gauged maximal supergravities that arise from
the reduction of 11D and massive IIA supergravity on H(p,q) spaces down to four dimensions. A
unified description of all the models is provided in terms of a square-root prepotential and the gauging
of a duality-hidden symmetry pair of the universal hypermultiplet. Some aspects of M-theory and
massive IIA holography are mentioned in passing.
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I. MOTIVATION
Asymptotically anti-de Sitter (AdS4) black holes in
minimal N = 2 gauged supergravity have recently been
connected to a universal renormalisation group (RG) flow
for a large class of three-dimensional N = 2 supercon-
formal field theories (SCFTs) using holography [1]. The
relevant (universal) AdS4 black hole is static, extremal
(thus T = 0 ) and of Reissner–Nordstro¨m (R–N) type
with zero mass and a hyperbolic horizon Σ2 = H
2 [2].
The space-time metric takes the form
ds2 = −e2U dt2 + e−2U dr2 + r2 dΩΣ2 , (1)
with
e2U =
(
r
LAdS4
− LAdS4
2 r
)2
, (2)
and dΩΣ2 = dθ
2 + sinh2(θ) dφ2 being the Riemann
surface element on Σ2 = H
2 . The metric asymptotes
an AdS4 geometry with radius LAdS4 when r→∞ ,
and conforms to AdS2 ×H2 in the near-horizon region
r → rh = LAdS4/
√
2 after a shift of the radial coordinate
r → r + rh and the identification L2AdS2 = 14 L2AdS4 .
This black hole is a solution of the equations of mo-
tion that follow from the cosmological Einstein–Maxwell
Lagrangian
L = ( 12 R− V ) ∗ 1− 12 H ∧ ∗H . (3)
Endowing the Lagrangian (3) with N = 2 local super-
symmetry requires the cosmological constant to be neg-
ative and also a mass term for the gravitini fields in the
theory [3]. Furthermore, supersymmetry fixes the cosmo-
logical constant to V = −3L−2AdS4 = −3 |µ|2 in terms of
the mass µ of a (single) complex gravitino, and renders
the black hole magnetically charged [2] (see also [4]), i.e.
H = p sinh(θ) dθ ∧ dφ , with the constant flux p being
also set by supersymmetry.
The AdS4 black hole described above is gauge/gravity
dual to a universal RG flow in field theory [1]. This is
an RG flow across dimensions1 from a three-dimensional
N = 2 SCFT (dual to the asymptotic AdS4 geometry)
placed on H2 and with a topological twist along the exact
superconformal R-symmetry, to a one-dimensional super-
conformal quantum mechanics (dual to the AdS2 factor
of the black hole near-horizon geometry). Such a uni-
versal RG flow admits various holographic embeddings
in eleven-dimensional (11D) supergravity [6, 7], the low-
energy limit of M-theory, and ten-dimensional massive
IIA supergravity [8]. Specific examples have been stud-
ied in the context of ABJM theory [9] and GJV/SYM-
CS duality [10] (and its generalisation of [11]) involving
reductions of M-theory and massive IIA strings on var-
ious compact spaces [1]. More concretely, when placing
the SCFTs on S1 × Σ2 , a counting of supersymmetric
ground states using the topologically twisted index of [12]
at large N was shown to exactly reproduce the Beken-
stein—Hawking entropy associated with the AdS4 black
hole in (1)-(2).
Extensions to non-minimal N = 2 supergravity cou-
pled to matter multiplets, namely, nv vector multiplets
and nh hypermultiplets, have also been investigated in
the context of M-theory [13–15] and massive IIA strings
[16, 17]. In the M-theory case, the relevant gauged super-
gravity is the so-called STU-model with (nv, nh) = (3, 0)
and Fayet-Iliopoulos gaugings with equal gauging param-
eters gΛ = g . This model arises from 11D supergravity
when reduced on a compact seven-sphere H(8,0) ≡ S7
1 See [5] for a generalisation to asymptotically AdS black branes
in various dimensions.
2[18] down to a four-dimensional SO(8) gauged maximal
supergravity [19], and further truncated to its U(1)4 in-
variant subsector [20, 21]. The gauging parameter g
is then identified with the inverse radius of S7. In
the massive IIA case, the relevant gauged supergravity
has (nv, nh) = (3, 1) and involves Abelian gaugings of
the universal hypermultiplet moduli space with gaug-
ing parameters g and m . This model arises from ten-
dimensional massive IIA supergravity when reduced on
a compact six-sphere H(7,0) ≡ S6 [22] down to a four-
dimensional ISO(7) gauged maximal supergravity [23, 24]
of dyonic type [25], and further truncated to its U(1)2 in-
variant subsector [26]. The gauging parameter g is again
identified with the inverse radius of S6 whereas m cor-
responds to the Romans mass parameter. Supersymmet-
ric AdS4 black holes generalising the one in (1)-(2) have
been constructed in such M-theory [27] and massive IIA
[26, 28] non-minimal N = 2 supergravity models.
In this note we build upon the above results and study
non-minimal N = 2 supergravity models that arise
from 11D and massive IIA supergravity when reduced on
H(p,q) = SO(p, q)/SO(p− 1, q) homogeneous spaces with
various (p, q) signatures. In the case of 11D supergravity,
the zero-mass sector recovers an electrically-gauged max-
imal supergravity in four dimensions with SO(p, q) gauge
group and p+ q = 8 [29]. In the case of ten-dimensional
massive IIA supergravity, the reduction on H(p,q) spaces
down to four dimensions yields a dyonically-gauged max-
imal supergravity with ISO(p, q) = CSO(p, q, 1) gauge
group and p + q = 7 [30–32]. We provide a systematic
characterisation and a unified description of the U(1)2
invariant sectors associated with such M-theory and mas-
sive IIA reductions2. The resulting models describe non-
minimal N = 2 supergravity with (nv, nh) = (3, 1)
and involve Abelian gaugings of the universal hypermul-
tiplet moduli space. Supersymmetric AdS4 , AdS2×Σ2
and universal AdS4 black hole solutions are systemat-
ically studied which, upon uplifting to eleven- or ten-
dimensional backgrounds, are of interest for M-theory
and massive IIA holography.
II. N = 2 SUPERGRAVITY MODELS
The bosonic sector of N = 2 supergravity coupled to
nv vector multiplets and nh hypermultiplets is described
by a Lagrangian of the form [33]
L = (R2 − V ) ∗ 1−Kij¯ Dzi ∧ ∗Dz¯ j¯ − huvDqu ∧ ∗Dqv
+ 12 IΛΣHΛ ∧ ∗HΣ + 12 RΛΣHΛ ∧HΣ
+ 12Θ
Λα Bα ∧ dA˜Λ + 18 ΘΛαΘΛβ Bα ∧ Bβ .
(4)
2 Einstein-scalar systems associated with Z2 × SO(3) and SU(3)
invariant sectors of such H(p,q) reductions were presented in [30].
In this note we focus on models with three vector mul-
tiplets and the universal hypermultiplet [34], namely,
(nv, nh) = (3, 1) .
The three complex scalars zi in the vector multiplets
(i = 1, 2, 3) serve as coordinates in the special Ka¨hler
(SK) manifold MSK = [SU(1, 1)/U(1)]3 . The metric on
this manifold is given by
ds2SK = Kij¯ dz
idz¯ j¯ =
1
4
∑
i
dzi dz¯ i¯
(Imzi)2
, (5)
where Kij¯ = ∂zi∂z¯j¯K and K = − log(i
〈
X, X¯
〉
) is the
real Ka¨hler potential. The latter is expressed in terms of
an Sp(8) symplectic product
〈
X, X¯
〉
= XMΩMN X¯
N =
XΛX¯
Λ − XΛX¯Λ of holomorphic sections XM (zi) =
(XΛ, FΛ) that satisfy FΛ = ∂F/∂XΛ (Λ = 0, 1, 2, 3)
for a homogeneous prepotential of degree-two F(XΛ) .
Our choice of sections
XM = (−z1z2z3,−z1,−z2,−z3, 1, z2z3, z3z1, z1z2) ,
(6)
is compatible with a square-root prepotential
F = −2
√
X0X1X2X3 , (7)
and restricts the range of the zi scalars to the Ka¨hler
cone
i
〈
X, X¯
〉
= 8 Imz1 Imz2 Imz3 > 0 . (8)
The condition in (8) leaves two different domains: either
the three Imzi are positive, or two of them are negative
and the third one is positive.
The kinetic terms and the generalised theta angles for
the vector fields in (4) are given by RΛΣ = Re(NΛΣ)
and IΛΣ = Im(NΛΣ) in terms of a complex matrix
NΛΣ = F¯ΛΣ + 2i Im(FΛΓ)X
Γ Im(FΣ∆)X
∆
Im(FΩΦ)XΩXΦ
, (9)
with FΛΣ = ∂Λ∂ΣF . They can be used to define a sym-
metric, real and negative-definite scalar matrix
M(zi) =
( I +RI−1R −RI−1
−I−1R I−1
)
, (10)
that will appear later on in Sec. IVB. The vector field
strengths are given by
HΛ = dAΛ − 12 ΘΛα Bα , (11)
and incorporate a set of tensor fields Bα where α is a
collective index running over the isometries of the scalar
manifold that are gauged. Importantly, the tensor fields
enter the Lagrangian in (4) provided that the couplings
ΘΛα 6= 0 , namely, if magnetic charges (see eq.(13) below)
are present in the theory [33]. Tensor fields will play
a role in the case of massive IIA reductions on H(p,q)
spaces as magnetic charges are induced by the Romans
mass parameter.
3The quaternionic Ka¨hler (QK) manifold spanned by
the four real scalars qu = (φ , σ , ζ , ζ˜ ) in the universal
hypermultiplet is MQK = SU(2, 1)/SU(2)×U(1) . The
metric on this QK space reads
ds2QK = dφ dφ+
1
4e
4φ
[
dσ + 12
~ζ C d~ζ
] [
dσ + 12
~ζ C d~ζ
]
+ 14 e
2φ d~ζ d~ζ ,
(12)
with C =
(
0 1
−1 0
)
and ~ζ = (ζ, ζ˜) . In this note we
are exclusively interested in gauging Abelian isometries
of MQK as dictated by an embedding tensor ΘMα [33].
They have associated Killing vectors kuα and yield co-
variant derivatives in (4) of the form
Dzi = dzi and Dqu = dqu −AM ΘMα kuα . (13)
Lastly it turns also convenient to introduce symplec-
tic Killing vectors KM ≡ ΘMα kα and moment maps
PxM ≡ ΘMα P xα in order to maintain symplectic covari-
ance [35]. The scalar potential in (4) can then be ex-
pressed as [33, 36]
V = 4VM V¯N KMu huv KNv
+ PxM PxN
(
Kij¯ DiVM Dj¯V¯N − 3VM V¯N
)
,
(14)
in terms of rescaled sections VM ≡ eK/2XM and their
Ka¨hler derivatives DiVM = ∂ziVM + 12 (∂ziK)VM .
III. ABELIAN HYPERMULTIPLET GAUGINGS
FROM REDUCTIONS ON H
(p,q)
The metric (12) on the special QK manifold associated
with the universal hypermultiplet lies in the image of a
c-map [37–39] with a trivial special Ka¨hler base. There
are three isometries kα = {kσ , k̂σ , kU} of (12) that play
a role in our reductions of 11D and massive IIA super-
gravity on H(p,q) spaces. The isometry kσ corresponds
to a model-independent (axion shift) duality symmetry.
On the contrary, the isometry k̂σ corresponds to a hid-
den symmetry. Together, they form a duality-hidden
symmetry pair (conjugate roots of the global symmetry
algebra) given by
kσ = −∂σ ,
k̂σ = σ ∂φ − (σ2 − e−4φ − U) ∂σ
−
[
σ~ζ − C (∂~ζU)
]T
∂~ζ ,
(15)
with
U =
1
16
|~ζ|4 + 1
2
e−2φ |~ζ|2 . (16)
The remaining isometry kU corresponds to a model-
dependent duality symmetry and, for the M-theory and
massive IIA models studied in this note, it is given by
kU = ζ˜ ∂ζ − ζ ∂ζ˜ . (17)
model g0 g1 g2 g3 m0 mi k1 k2
SO(8) g g g g 0 0 k̂σ + kσ kU
SO(7, 1) −g g g g 0 0 k̂σ − kσ kU
SO(6, 2)a −g g g g 0 0 k̂σ + kσ kU
SO(6, 2)b g g g −g 0 0 k̂σ + kσ kU
SO(5, 3) −g g g −g 0 0 k̂σ − kσ kU
SO(4, 4) −g g g −g 0 0 k̂σ + kσ kU
ISO(7) g g g g m 0 kσ kU
ISO(6, 1) −g g g g m 0 kσ kU
ISO(5, 2) g g g −g m 0 kσ kU
ISO(4, 3) −g g g −g m 0 kσ kU
TABLE I. Embedding tensor (21) and gauged isometries for
the N = 2 supergravity models. For the sake of definiteness,
and without loss of generality, we are taking p ≥ q as well as
g > 0 and m > 0 .
Note that, while k̂σ + kσ and kU are compact Abelian
isometries of (12), the combination k̂σ − kσ turns to be
non-compact.
The triplet of moment maps P xα associated to the
Killing vectors in (15) and (17) can be obtained from
the general construction of [40]. The Killing vectors in
(15) have associated moment maps of the form
P xσ =

0
0
− 12 e2φ
 , (18)
and
P̂ xσ =

−e−φ ζ˜ + eφ
(
−σ ζ + 14 |~ζ|2 ζ˜
)
e−φ ζ + eφ
(
−σ ζ˜ − 14 |~ζ|2 ζ
)
− 12 e−2φ − 12 e2φ σ2 − 132 e2φ |~ζ|4 + 34 |~ζ|2
 ,
(19)
whereas the moment maps for the isometry in (17) take
the simpler form
P xU =

eφ ζ˜
−eφ ζ
1− 14 e2φ |~ζ|2
 . (20)
In order to fully determine the N = 2 supergravity
model, one must still specify the gauge connection enter-
ing the covariant derivatives in (13). This is done by an
4embedding tensor ΘM
α of the form
ΘM
α =
 ΘΛα
ΘΛα
 =

g0 0
0 g1
0 g2
0 g3
m0 0
0 m1
0 m2
0 m3

, (21)
where the various electric gΛ and magnetic mΛ charges
are displayed in Table I. The covariant derivatives in (13)
reduce to
Dzi = dzi ,
Dqu = dqu − (g0A0 +m0 A˜0) ku1 −A ku2 ,
(22)
with A = ∑i giAi +∑imi A˜i . However, the specific
isometries k1 and k2 to be gauged in (22) depend on
the M-theory or massive IIA origin of the models:
M-theory : k1 = k̂σ + (−1)pq kσ , k2 = kU ,
Massive IIA : k1 = kσ , k2 = kU .
(23)
The (−1)pq sign in k1 for the M-theory models depends
on the signature of the H(p,q) space employed in the
reduction. Moreover, as a consequence of (23), only du-
ality symmetries kσ and kU appear upon reductions of
massive IIA supergravity whereas also the hidden sym-
metry k̂σ does it in the reductions of M-theory. Note
also that, in the massive IIA case, the resulting gaug-
ings are of dyonic type: they involve both electric and
magnetic charges.
IV. SUPERSYMMETRIC SOLUTIONS
The M-theory and massive IIA non-minimal N = 2
supergravity models presented in the previous section
possess various types of supersymmetric solutions.
A. AdS4 solutions
An AdS4 vacuum solution with radius LAdS4 is de-
scribing a space-time geometry of the form
ds2 = − r
2
L2AdS4
dt2 +
L2AdS4
r2
dr2 + r2 dΩΣ2 , (24)
where dΩΣ2 = dθ
2 +
(
sin
√
κ θ√
κ
)2
dφ2 is the surface el-
ement of Σ2 =
{
S2 (κ = +1) , H2 (κ = −1)} . Being a
maximally symmetric solution, only scalars are allowed
to acquire a non-trivial and constant vacuum expectation
value that extremises the potential in (14). In addition,
preserving N = 2 supersymmetry requires the vanishing
of all fermionic supersymmetry variations. This trans-
lates into the conditions [41]:
XM KM = 0 ,[
∂ziX
M + (∂ziK)X
M
] PxM = 0 ,
SAB ǫB = 12 µ ǫ
∗
A ,
(25)
where SAB = 12e
K/2XMPxM (σx)AB is the gravitino mass
matrix, (σx)AB are the Pauli matrices and |µ| = L−1AdS4 .
1. M-theory
In the SO(p, q) models with k1 = k̂σ + (−1)pq kσ the
first condition in (25) yields
σ = 0 and
(
e−2φ +
1
4
|~ζ|2
)2
= (−1)pq . (26)
The last equation in (26) excludes models with p q ∈ odd,
namely, the SO(7,1) and SO(5,3) models. For those mod-
els with p q ∈ even , the first condition in (25) addition-
ally gives (∑
i
gi z
i + g0
∏
i
zi
)
~ζ = 0 . (27)
Extremising the scalar potential in (14) subject to the
conditions in (25) imposed by supersymmetry yields
two AdS4 solutions that preserve a different residual
(unbroken) gauge symmetry.
The first solution fixes the scalars zi in the vector
multiplets as
zi = ± i (g0 g1 g2 g3)
1
2
g0 gi
, (28)
and involves a trivial configuration of the scalars in the
universal hypermultiplet
eφ = 1 and |~ζ|2 = 0 . (29)
This solution possesses a realisation in two models:
SO(8) : z1 = z2 = z3 = i , (30)
SO(4,4) : z1 = z2 = −z3 = −i . (31)
In both cases
L2AdS4 =
1
2 g2
, (32)
and the two vectors g0A0 and A remain massless
(k1 = k2 = 0), thus preserving the full U(1)1 × U(1)2
5gauge symmetry of the models. In the compact SO(8)
case, this solution uplifts to the maximally supersymmet-
ric Freund-Rubin vacuum of 11D supergravity [42], and
the dual SCFT is identified with ABJM theory [9] at low
( k = 1, 2 ) Chern–Simons levels k and −k .
The second solution fixes the scalars zi at the values
zi = ± i
√
3
(g0 g1 g2 g3)
1
2
g0 gi
, (33)
and involves a non-trivial configuration of the universal
hypermultiplet independent of the gauging parameters
eφ =
√
3√
2
and |~ζ|2 = 4
3
. (34)
This solution has a realisation in the same models as
before:
SO(8) : z1 = z2 = z3 = i
√
3 , (35)
SO(4,4) : z1 = z2 = −z3 = −i√3 . (36)
In both cases
L2AdS4 =
2
3
√
3 g2
, (37)
and only the linear combination of vectors − 3 g0A0+A
remains massless (k1 = k2) in the SO(8) and SO(4, 4)
models. The associated U(1) gauge symmetry is thus
preserved and to be identified with the R-symmetry of
the dual field theory. In the compact SO(8) case, this
solution was studied in [43, 44] and uplifted to a back-
ground of 11D supergravity in [45, 46]. Its dual SCFT
was identified in [47] as the infrared fixed point of an RG
flow from ABJM theory triggered by an SU(3) invariant
mass term in the superpotential.
The fixing of the scalars zi in the vector multiplets to
the values in (30)-(31) and (35)-(36) is compatible with
the Ka¨hler cone condition (8) for a physically acceptable
solution in N = 2 supergravity in four dimensions.
2. Massive IIA
In the ISO(p, q) models the first condition in (25)
yields(∑
i
gi z
i
)
~ζ = 0 and
∏
i
zi =
m0
g0
. (38)
The extremisation of the scalar potential in (14) subject
to the supersymmetry conditions in (25) yields this time
a unique AdS4 solution. It has
(Rezi)3 = −1
8
g1 g2 g3
g3i
m0
g0
,
(Imzi)3 = ±3
√
3
8
g1 g2 g3
g3i
m0
g0
,
(39)
for the zi scalars in the vector multiplets, together with
|~ζ|2 = 0 and a non-trivial dilaton
e6φ = 8
g1 g2 g3
g0m20
, (40)
in the universal hypermultiplet. Note that (40) requires
g0 g1 g2 g3 > 0 which is satisfied only by the ISO(7) and
ISO(4,3) models (see Table I). The corresponding solu-
tions are given by
ISO(7) : z1 = z2 = z3 =
(
m
g
) 1
3
ei
2pi
3 , (41)
ISO(4,3) : z1 = z2 = −z3 =
(
m
g
) 1
3
e−i
2pi
3 , (42)
together with
eφ =
√
2
( g
m
) 1
3
. (43)
Both configurations (41)-(42) satisfy the Ka¨hler cone
condition (8) and yield
L2AdS4 =
1√
3
g−
7
3 m
1
3 . (44)
The vector A remains massless (k2 = 0) and so the
U(1)2 gauge symmetry is preserved. This symmetry is
holographically identified with the R-symmetry of the
dual field theory. In the ISO(7) case, this solution was
presented in [10, 24]3 and uplifted to a background of
massive IIA supergravity in [10, 22]. The dual three-
dimensional SCFT was also identified in [10] as a super
Chern–Simons-matter theory with simple gauge group
SU(N) and level k given by the Romans mass parameter.
B. AdS2 × Σ2 solutions
Let us focus on AdS2 × Σ2 vacuum solutions with
radii LAdS2 and LΣ2 . The corresponding space-time
geometry is specified by a metric of the form
ds2 = − r
2
L2AdS2
dt2 +
L2AdS2
r2
dr2 + L2Σ2 dΩΣ2 . (45)
The metric in (45) also describes the horizon of a static
and extremal black hole, like the one in (1)-(2), so these
solutions are sometimes referred to as black hole horizon
solutions.
An ansatz for the fields in the vector-tensor sector of
the Lagrangian (4) that is compatible with the space-
time symmetries takes the form [26] (see [35] for a tensor
3 Note that zihere = e
ipi
3 zi
[10]
as a consequence of the sign choice
mhere = −m[10] .
6gauge-equivalent choice):
AΛ = AtΛ(r) dt − pΛ cos
√
κ θ
κ dφ ,
A˜Λ = A˜tΛ(r) dt − eΛ cos
√
κ θ
κ dφ ,
Bα = bα(r) sin
√
κ θ√
κ
dθ ∧ dφ .
(46)
As a consequence of (11) and (46), this sector of the
theory is encoded in a vector of charges Q of the form
QM = (pΛ, eΛ)T with
p
Λ = pΛ− 1
2
ΘΛα bα and eΛ = eΛ+
1
2
ΘΛ
α bα , (47)
which generically depends on vector charges (pΛ, eΛ) as
well as on the θ-ϕ components bα of the tensor fields
in (46). The latter play a role only in the massive IIA
models where the gaugings are of dyonic type.
In the presence of hypermultiplets, quarter-BPS black
hole horizon solutions with constant scalars require the
set of algebraic equations [35] (see also [48])
Q = κL2Σ2 ΩMQx Px − 4 Im(Z¯ V) ,
L2Σ2
LAdS2
= −2Z e−iβ ,
〈Ku,V〉 = 0 ,
(48)
defined in terms of a central charge Z(zi) = 〈Q,V〉 , the
scalar matrix M(zi) in (10) and Qx = 〈Px,Q〉 . The
phase β is associated with the complex function
W = eU (Z + i κL2Σ2 L) = |W | eiβ , (49)
which depends on the central charge Z(zi) and a super-
potential L(zi, qu) = 〈QxPx,V〉 .
With the aim of constructing later on asymptotically
AdS4 black holes of the universal type in (1)-(2), we
are concentrating on the configurations of the zi scalars
found in the previous section to be compatible with AdS4
solutions preserving N = 2 supersymmetry.
1. M-theory
As for the case of AdS4 solutions, the third condition
in (48) automatically discards AdS2 × Σ2 solutions in
the SO(7, 1) and SO(5, 2) models. Nevertheless, black
hole horizon solutions with non-zero magnetic charges
pΛ exist in all the remaining SO(p, q) models.
In the case of a trivial configuration of the universal hy-
permultiplet, various solutions are found for the SO(8) ,
SO(4, 4) and SO(6, 2)a,b models. Of special interest will
be those of the SO(8) and SO(4, 4) models with the
scalars zi being fixed at the values in (30) and (31), re-
spectively. These solutions are supported by charges of
the form
SO(8) : p0 = −p1 = −p2 = −p3 = 14g , (50)
SO(4,4) : p0 = p1 = p2 = −p3 = − 14g , (51)
and both have a hyperbolic horizon Σ2 = H
2 (κ = −1),
a phase β = 0 in (49) and radii given by
L2AdS2 =
1
8 g
−2 , L2
H2
= 14 g
−2 . (52)
For the SO(6,2)a model there are solutions with the
scalars zi being also fixed as in (30) and (31). They
are respectively supported by charges of the form
SO(6,2)a : p
0 = 1g , p
1 = p2 = p3 = 0 , (53)
SO(6,2)a : p
0 = p1 = p2 = 0 , p3 = 1g , (54)
and both have a spherical horizon Σ2 = S
2 (κ = 1), a
phase β = 0 in (49) and radii given by
L2AdS2 =
1
2 g
−2 , L2
S2
= 12 g
−2 . (55)
Analogue solutions can also be found in the SO(6,2)b
model.
In the case of requiring a non-trivial configuration
of the universal hypermultiplet, only the SO(8) and
SO(4, 4) models turn out to accommodate black hole
horizon solutions. These have the scalars zi fixed as
in (35) and (36) and the universal hypermultiplet set as
in (34). The solutions are supported by charges of the
form
SO(8) : p0 = −3p1 = −3p2 = −3p3 = 12g , (56)
SO(4,4) : p0 = 3p1 = 3p2 = −3p3 = − 12g , (57)
and both have a hyperbolic horizon Σ2 = H
2 (κ = −1),
a phase β = 0 in (49) and radii given by
L2AdS2 =
1
6
√
3
g−2 , L2
H2
= 1
3
√
3
g−2 . (58)
Lastly, additional AdS2 × Σ2 solutions equivalent to
the ones presented above are obtained upon replacing
Q → −Q and β → β + π .
2. Massive IIA
Quarter-BPS AdS2 × Σ2 solutions exist in all the
ISO(p, q) models for different values of the vector of
charges Q (see Table II). The solutions have non-zero
magnetic pΛ and electric eΛ charges in (47), and require
|~ζ|2 = 0 and a non-trivial value of the dilaton eφ in the
universal hypermultiplet.
For the ISO(7) and ISO(4, 3) models the scalars zi
are fixed at the values in (41) and (42), respectively,
whereas the dilaton takes the value in (43). In both cases
the solution has a hyperbolic horizon Σ2 = H
2 (κ = −1)
and radii given by
L2AdS2 =
1
4
√
3
g−
7
3 m
1
3 , L2
H2
=
1
2
√
3
g−
7
3 m
1
3 . (59)
For the ISO(5, 2) and ISO(6, 1) models the scalars zi
are also fixed at the values in (41) and (42), respectively.
7Q ISO(7) ISO(6, 1) ISO(5, 2) ISO(4, 3)
m−2/3 g5/3 p0 1
6
1
14
− 1
14
− 1
6
g p1 − 1
3
− 1
7
− 1
7
− 1
3
g p2 − 1
3
− 1
7
− 1
7
− 1
3
g p3 − 1
3
− 5
7
5
7
1
3
m1/3 g2/3 e0 −
1
6
1
14
1
14
− 1
6
m−1/3 g4/3 e1 −
1
6
− 3
14
3
14
1
6
m−1/3 g4/3 e2 −
1
6
− 3
14
3
14
1
6
m−1/3 g4/3 e3 −
1
6
− 3
14
− 3
14
− 1
6
β pi
6
−pi
6
− 5pi
6
5pi
6
TABLE II. Vector charges supporting supersymmetric
AdS2 ×Σ2 solutions in the massive IIA models.
However the dilaton in the universal hypermultiplet is
fixed at the value
eφ =
√
2√
3
( g
m
) 1
3
. (60)
The solutions have a spherical horizon Σ2 = S
2 (κ = +1)
and radii given by
L2AdS2 =
3
√
3
4
g−
7
3 m
1
3 , L2
S2
=
3
√
3
14
g−
7
3 m
1
3 . (61)
Once again, a set of equivalent solutions is obtained
upon replacing Q → −Q and β → β + π .
C. AdS4 black hole solutions
Extremal R–N black holes interpolating between the
(charged version [49] of) AdS4 and AdS2 × Σ2 solutions
previously found can be constructed. These black holes
have constant scalars and can be viewed as non-minimal
M-theory and massive IIA incarnations of the universal
black hole in (1)-(2) with a hyperbolic horizon.
In the context of M-theory reduced on H(p,q) spaces,
two versions of such a black hole occur in each of the
SO(8) and SO(4, 4) models. The first one involves a
trivial configuration of the universal hypermultiplet and
interpolates between an AdS4 geometry with radius (32)
in the ultraviolet (UV at r → ∞ ) and an AdS2 × H2
geometry with radii (52) in the infrared (IR at r → rh ).
The case of the SO(8) model arising from H(8,0) = S7
has been extensively studied in the literature, see e.g.
[2, 27, 50], also from a holographic perspective [1, 13–
15]. The second version involves a non-trivial configura-
tion of the universal hypermultiplet (34) and interpolates
between an AdS4 geometry with radius (37) in the UV
and an AdS2 ×H2 geometry with radii (58) in the IR4.
4 See [48] for a similar model based on the Q111 truncation of
For the SO(8) model, it would be interesting to perform
a holographic counting of AdS4 black hole microstates in
the field theory context of [47].
In the context of massive IIA reduced on H(p,q) spaces,
there exists a universal black hole both in the ISO(7) and
ISO(4, 3) models. It involves a non-trivial value of the
dilaton field in the universal hypermultiplet (43) and in-
terpolates between an AdS4 geometry with radius (44)
in the UV and an AdS2 × H2 geometry with radii (59)
in the IR. In the case of the ISO(7) theory arising from
H(7,0) = S6 , such a black hole has recently been con-
structed in [26, 28] and connected to a universal RG flow
across dimensions in [1] (see [16, 17]) using holography.
V. SUMMARY AND FINAL REMARKS
In this note we have investigated supersymmetric
AdS4 , AdS2 × Σ2 and universal AdS4 black hole so-
lutions in non-minimal N = 2 supergravity models with
three vector multiplets (STU-model) and Abelian gaug-
ings of the universal hypermultiplet. We have performed
a systematic characterisation of N = 2 models that arise
from 11D and massive IIA supergravity when reduced on
H(p,q) spaces down to four dimension. More concretely,
the models correspond to the U(1)2 invariant sector of
the SO(p, q) (M-theory) and ISO(p, q) (massive IIA)
gauged maximal supergravities resulting upon reduction
of the higher-dimensional theories. In M-theory models,
the gaugings involve a duality-hidden symmetry pair of
the universal hypermultiplet. In contrast, only duality
symmetries of the universal hypermultiplet are gauged
in massive IIA models. Supersymmetric solutions turn
to populate different domains of the Ka¨hler cone both in
the M-theory and massive IIA cases.
Future lines to explore are immediately envisaged. The
first one is the higher-dimensional description of the mod-
els based on non-compact H(p,q) reductions. Solutions
of such models often lie in a different domain of the
Ka¨hler cone than their counterparts based on sphere re-
ductions. In addition, for the case of sphere reductions,
it would also be interesting to have a higher-dimensional
picture of the AdS4 black holes involving a non-trivial
universal hypermultiplet as the gravitational backreac-
tion of bound states of M-/D-branes wrapping a Rie-
mann surface [52, 53]. To this end, connecting the
four-dimensional fields and charges to higher-dimensional
backgrounds of 11D and massive IIA supergravity is re-
quired. A suitable framework to obtain such uplifts is
provided by the duality-covariant formulation of 11D [54]
and massive IIA supergravity [55] in terms of an excep-
tional field theory. Using this framework, general up-
lifting formulae have been systematically derived for the
consistent truncation of M-theory and massive IIA on
M-theory [51].
8spheres5 and hyperboloids [32, 57] down to a gauged max-
imal supergravity in four dimensions. It would then be
interesting to uplift the N = 2 supergravity models con-
structed in this note to backgrounds of 11D and massive
IIA supergravity involving H(p,q) spaces.
Lastly, the N = 2 formulation of M-theory models
presented in this note can be straightforwardly used to
describe SO(p, q) models with dyonic gaugings, the pro-
totypical example being the ω-deformed version of the
SO(8) theory [58]. In this case, and unlike for the original
STU-model with only vector multiplets [59], the presence
of the universal hypermultiplet makes the Lagrangian in
(4) sensitive to the electric-magnetic deformation param-
eter ω and affects the structure of supersymmetric so-
lutions. For instance, two inequivalent N = 2 AdS4
solutions preserving an SU(3) × U(1) symmetry in the
full theory appear at generic values of ω [60]. It is
therefore interesting to understand the structure of AdS4
black hole solutions in this setup [61] for which a higher-
dimensional description remains elusive [62]. We hope to
come back to these and related issues in the near future.
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APPENDIX: EMBEDDING IN MAXIMAL
SUPERGRAVITY
In this appendix we provide the embedding of the
non-minimal N = 2 supergravity models analysed in
this note into N = 8 (maximal) supergravity [63]. In
its ungauged version, maximal supergravity possesses an
E7(7) global symmetry group. This group plays a cen-
tral role in systematically constructing the gauged ver-
sions of the theory using the embedding tensor formalism
[64]: in a gauged maximal supergravity, a specific sub-
group of E7(7) is promoted from global to local in what
is known as the gauging procedure. In this note we focus
on SO(p, q) and ISO(p, q) subgroups of SL(8) ⊂ E7(7).
These gauged supergravities appear upon reduction of
11D and massive IIA supergravity on H(p,q) spaces.
Let us start by introducing a fundamental SL(8) in-
dex A = 1, ...8 . In the SL(8) basis, the E7(7) genera-
tors tα=1,...,133 have a decomposition 133 → 63 + 70 .
These are the 63 generators tA
B of SL(8), with van-
ishing trace tA
A = 0 , together with 70 generators
tABCD = t[ABCD] . The fundamental representation of
E7(7) decomposes as 56 → 28 + 28’ , which translates
into a splitting of the E7(7) fundamental index of the
5 See [56] for a recent derivation of the complete D = 11 embed-
ding of SO(8) gauged maximal supergravity using the method
introduced in [22] for the D = 10 embedding of the ISO(7)
theory.
gauging ηAB η˜
AB
SO(8) diag(+1, I2, I2, I2,+1) 0
SO(7, 1) diag(+1, I2, I2, I2,−1) 0
SO(6, 2)a diag(−1, I2, I2, I2,−1) 0
SO(6, 2)b diag(+1, I2, I2,−I2,+1) 0
SO(5, 3) diag(+1, I2, I2,−I2,−1) 0
SO(4, 4) diag(−1, I2, I2,−I2,−1) 0
ISO(7) diag(+1, I2, I2, I2, 0) diag(07,−m)
ISO(6, 1) diag(−1, I2, I2, I2, 0) diag(07,−m)
ISO(5, 2) diag(+1, I2, I2,−I2, 0) diag(07,−m)
ISO(4, 3) diag(−1, I2, I2,−I2, 0) diag(07,−m)
TABLE III. Matrices ηAB and η˜
AB specifying the SO(p, q)
and ISO(p, q) gaugings of maximal supergravity.
form M →[AB] ⊕[AB] . The entries of the 56× 56 matri-
ces [tα]M
N
are given by
[tA
B][CD]
[EF ]
= 4
(
δB[C δ
EF
D]A +
1
8 δ
B
A δ
EF
CD
)
,
[tA
B][EF ][CD] = −[tAB ][CD]
[EF ]
,
(62)
for the SL(8) generators tA
B . The generators tABCD
completing SL(8) to E7(7) take the form
[tABCD][EF ][GH] =
2
4! ǫABCDEFGH ,
[tABCD]
[EF ][GH] = 2 δEFGHABCD .
(63)
The electric SO(p, q) and dyonic ISO(p, q) gaugings of
maximal supergravity belong to SL(8) ⊂ E7(7) and are
specified by an embedding tensor [64] of the form
ΘAB
C
D = 2 δ
C
[A ηB]D , Θ
ABC
D = 2 δ
[A
D η˜
B]C . (64)
The matrices ηAB and η˜
AB associated with the different
gaugings are collected in Table III.
The scalar sector of maximal supergravity consists of
70 fields spanning a coset space E7(7)/SU(8) . However,
in this note we concentrate on non-minimal N = 2
supergravity models associated with the U(1)2 invari-
ant sector of the theory. The scalars in this sector
span an [SL(2)/SO(2)]3 × SU(2, 1)/(SU(2)×U(1)) coset
space associated with the following E7(7) generators. The
[SL(2)/SO(2)]3 factor is associated with
Hϕ1 = t4
4 + t5
5 + t6
6 + t7
7 − t11 − t88 − t22 − t33 ,
Hϕ2 = t2
2 + t3
3 + t6
6 + t7
7 − t11 − t88 − t44 − t55 ,
Hϕ3 = t2
2 + t3
3 + t4
4 + t5
5 − t11 − t88 − t66 − t77 ,
gχ1 = t1238 , gχ2 = t1458 , gχ3 = t1678 .
(65)
9The SU(2, 1)/(SU(2)×U(1)) factor is associated with
Hφ =
1
2 (t8
8 − t11) , gσ = t81 ,
gζ = t8357 − t8346 − t8256 − t8247 ,
gζ˜ = t8246 − t8257 − t8347 − t8356 .
(66)
Using the above generators, the coset representative
V = VSK × VQK is obtained upon the exponentiations
VSK =
∏
i e
−12χi gχi e
1
4
ϕiHϕi ,
VQK = eσ gσ e−6 (ζ gζ + ζ˜ gζ˜) e−2φHφ .
(67)
Starting from the representative V ∈ E7(7)/SU(8) , the
scalar matrix MMN entering the Lagrangian of N = 8
supergravity [64] is obtained as M = V Vt . Plugging
this matrix M into the kinetic terms of the maximal
theory, e−1Lkin = 196Tr[DµMDµM−1] , we obtain the
kinetic terms for the N = 2 models in (5) and (12) upon
identifying zi = −χi + i e−ϕi . Note that this parame-
terisation of the U(1)2 invariant scalar coset in maxi-
mal supergravity is not compatible with configurations
for which Imzi < 0 . The scalar potential and covari-
ant derivatives of the N = 2 models can be obtained
from the ones of the maximal theory upon identifying
the electric vectors AAB = A[AB] in the maximal theory
as {A0,A1,A2,A3} ≡ {A18,A23,A45,A67} (and simi-
larly for the magnetic vectors A˜AB ), and then truncat-
ing away the non-singlet fields. We have verified that
the N = 8 results precisely match the N = 2 results
obtained from (14) and (22).
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